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Abstract: Learning styles is a concept that can evoke strong opinions. Yet, used judiciously in a 
specific context, it can serve as an indicator of the learning style preferences of a cohort of students, 
and help guide the construction of their e-learning environment at that time. Moreover, it can be 
utilised as a metacognitive tool to aid the understanding of personal learning processes (Coffield et 
al, 2004). Using both the Index of Learning Styles (Felder & Soloman, 1991, 1994) and a 
qualitative survey questionnaire, research was conducted to investigate the impact of learning styles 
within the context of a virtual podiatry clinic. The aim was to examine the congruence between 
students’ learning styles and the e-learning design to assess whether this had an impact on students 
who indicated that they found the virtual learning environment only ‘moderately helpful’. Such 
feedback was divergent to the majority of students who had reported the virtual clinic as being a 
highlight of the unit. 
   
 
 
 
Introduction 
 
Learning in the clinical environment is complex, requiring students to effectively integrate then apply the 
appropriate knowledge, skills and attitudes (Ladyshewski, 1995) required to successfully manage patients. This can 
be a daunting task, especially for the novice student. Podiatric Medicine 1 is an introductory unit in the second year 
of the podiatry course at Queensland University of Technology (QUT) and it has been designed to assist the students 
with their transition from traditional academic learning in their first year of studies, to learning in the clinical 
environment. E-learning in this tertiary context has involved the development of a virtual patient clinic which serves 
as a ‘safe’ environment for students to develop clinical decision-making skills. The students can repeatedly engage 
with a series of eight interactive patients during the semester, prior to attempting a final case for the purpose of 
assessment. Each case presents essential or core clinical conditions appropriate for students at this stage of the 
course. The virtual clinic has been used for five years, and the students’ perceptions towards it have been very 
positive, with the large majority of students rating them as an ‘excellent’ learning experience. Despite this, a handful 
of comments have indicated that some students find the cases difficult to engage with. The purpose of this study was 
to examine the congruence between learning styles and the design of the learning environment in order to assess 
whether this had an impact on students who indicated that they found the virtual learning environment only 
‘moderately helpful’.  
  
Virtual Patient Clinic 
 
The evolution of the virtual patient clinic grew out of necessity. The results of student surveys, focus group 
discussions and consultations with academic staff identified consistent challenges surrounding the experience of 
undergraduate podiatry students entering their clinical education studies. These challenges included variability in the 
nature, quality and complexity of encounters with patients, associated variability in learning opportunities and 
challenges for clinicians in providing adequate feedback on student performance, particularly related to clinical 
problem-solving skills. Other issues identified as problematic were the time constraints associated with the clinic 
consultations, the difficulty in re-visiting the patient’s scenario for the purposes of review and the need to 
standardize the patient interactions for the purposes of assessment.  
 
The virtual patient clinic was constructed to provide podiatry students with the opportunity to immerse 
themselves in a virtual clinical setting. After careful consideration of the underlying elements of clinical decision-
making and the practical aspects of the student’s learning needs, an interactive virtual patient clinic was developed 
and utilised over a five year period as a core element in the curriculum. The resource provided a media-rich learning 
environment of virtual patients that are utilized across several subjects, each manifesting key medical and/or foot 
disorders.  
 
Steps in the virtual clinic 
 
The virtual clinic provides a ten-step sequential process to help develop knowledge and skill through 
engagement in the consultation, diagnosis, treatment and evaluation process of the virtual patient. This process also 
provides the opportunity to overcome variance in student learning opportunities in the field plus provides them with 
the opportunity to obtain adequate feedback on their decisions in the virtual environment by an expert. The ten steps 
include the opportunity to initially select a patient. Once selected, students receive preliminary instructions on their 
patient. Following on from this, students provide an initial diagnosis on their patient and tentative directions for the 
further investigation. They then receive feedback on this diagnosis. Entry to the consultation room is the next aspect 
of the process. Once in the consultation room, students gain further pertinent case information before making their 
final diagnosis on the case, and submitting the treatment plan. Timely feedback following decision-making is an 
important aspect of the virtual podiatry clinic, and this is offered again following the final diagnosis. In actual clinic 
placements, students may not be able to follow up on the progress of their patients due to the relatively short 
duration of the placement and the often extended time period to resolve some chronic foot conditions. In the virtual 
clinic, however, graphic longitudinal ‘snapshots’ of patient progress provide students with an opportunity to view 
the disease and/or healing process. An overview of each stage of the clinical process is provided in Table 1, below. 
 
 
Steps Entry Description 
1 Select virtual patient scenario Student choice in the selection of a patient 
 
2 Preliminary Instructions Provides students with the initial context regarding the patient and 
their reason for attending the clinic.  
 
3 Initial information and diagnosis 
and directions for investigation  
Students are provided with initial information and important but 
sometimes subtle cues. They provide a submission of initial thoughts 
in relation to a diagnosis and issues for further investigation. 
4 View expert’s feedback on the case This feedback highlights the key information that should have been 
identified as important by the student. It guides students who may 
have been about to ‘go down the wrong track’ back towards the 
central issues. 
 
5 Enter consultation room  
Provides an environment similar to the on-campus clinic. For 
example, it contains the electronic copies of the patient files, 
pathology test results etc. that are routinely available in the clinic. 
 6 Collect patient history Students select the standard questions used to elicit information about 
the presenting complaint, medical history, surgical history, family 
history, social history and footwear history. After selecting the 
question a dialogue box or ‘medi file’ opens which incorporates the 
patient’s response. 
7 Perform clinical tests The results of standard clinical tests including, neurological, vascular, 
musculoskeletal/orthopaedic, dermatological and radiological 
assessments are accessible. For example, when reviewing orthopaedic 
assessment, video clips of the patient’s gait may be available. 
8 Final diagnosis and management 
plan 
Having reviewed all of the information relating to the patient’s 
complaint and the clinical findings, the students are required to 
summarise their findings and present a management plan using a 
SOAP format (Subjective, Objective, Assessment, Plan). The plan 
may need to be adjusted as the patient’s subsequent progress is 
monitored. Diagram 1. 
 
9 View detailed feedback from 
expert 
The final expert opinion provides a comprehensive description of the 
clinical findings for the patient, their meaning and the management 
strategy adopted. 
 
10 Follow up of patient’s progress Longitudinal ‘snapshots’ of progress after treatment allow the 
students to view the outcomes of a range of interventions, in some 
cases over a 4 year period. 
 
 
Table 1: Steps in the virtual podiatry clinic. 
 
Learning Style Preferences  
 
In terms of personal learning style preferences, the virtual podiatry clinic is considered to provide learning 
preferences to suit a variety of different learning styles. The learning content in the virtual clinic is a combination of 
visual images and descriptors, videos, sound files and text and graphics. As such, it contains both text and visual 
images (stills and video excerpts), involves both active and reflective learning opportunities for student, and 
provides them with an opportunity to deal with, and integrate, both facts and theory. The environment also contains 
a site overview on the left-hand column of the web page, but in terms of content, presents this information as a list 
series of chronological steps in the diagnosis and treatment of the virtual patient. Hyperlinks are used to direct 
students to information and content on the web that is needed ‘now’ to deal with a specific issue in the case.  
Multiple choice quizzes are also used within the cases to emphasize important content and distinctions that need to 
be made when processing information. Diagram 1 is a screen shot from Case 3 in the virtual clinic which pertains to 
a foot ulcer. In this instance, students are required to manage a complicated foot ulcer for a patient who presents for 
a review 4 weeks after her initial consultation at the university clinic. The virtual patient clinic ensures that the entire 
student cohort can interact with this important case.     
 
Evaluation of student feedback concerning the virtual clinic consistently demonstrated that students 
perceived this innovation to be an outstanding learning resource that addressed many of the difficulties associated 
with the traditional clinic environment. However, more detailed research highlighted some disparities between 
student perception and student engagement. Moreover, a small number of students rated the resource as only 
moderately helpful. In an effort to understand this divergent feedback, a study of the learning styles of students was 
conducted. One consideration underlying the discrepancies in student feedback was the possibility of individual 
learning styles having an impact on these experiences of these students.  
 
Each learner has particular individual characteristics associated with how they learn, and various theories 
exist to explain how these characteristics affect teaching and learning (Schunk, 2004: 265). The theory of learning 
styles is one means for both explaining individual differences in learning and suggesting how best to design for 
effective learning. Learning styles, however, is an umbrella concept bringing together various schools of thought 
 (Butler, 1986) which share the belief that students learn best when they are given the opportunity to learn, deal with 
information, and communicate in a manner that they feel most comfortable with (Pallof & Pratt, 2003, p.31). As a 
result, diverse models have been developed to explain these individual differences in learning. Identifying a field of 
71 apparently separate approaches to learning styles, Coffield et. al. (2004: 10-11) developed a continuum of five 
‘families’ into which any particular learning style model can be identified. Along this continuum, the ‘learning style 
families’ are scaled from the greatest to least degree to which the belief that learning styles are relatively fixed 
individual characteristics has influenced the model’s development.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 1: Screen shot detailing an example of Step 8 in the virtual podiatry clinic (final diagnosis and 
treatment plan)   
 
The concept of learning styles has become a contentious concept in some arenas, with critiques ranging 
from concerns over specific models through to broader issues, such as the multiplicity of its underlying theoretical 
backgrounds. This aside, one of the advantages of considering learning style differences is in the creative 
development of e-learning for student cohorts that are varied.  
 
Research Instruments 
 
There are a number of evaluative tools available to study learning style preferences. In this study, which is 
part of a larger doctoral research study on the possible impacts of learning styles in e-learning environments, the 
Index of Learning Styles (ILS) (Felder & Soloman, 1991, 1994) was chosen due to its attempts to synthesise other 
learning style models. The ILS belongs to the fourth on the continuum of the learning style ‘families’ and is sub-
titled ‘Flexibly Stable Learning Preferences’, which support the basis that “learning style is not a fixed trait, but a 
differential preference for learning, which changes slightly from situation to situation”, although it has some stability 
over time (Coffield et. al., 2004: 61). Kolb’s influential model of learning styles (1984), one of the models that the 
ILS attempts to fuse, is also a part of this particular family of learning styles. The ILS was also chosen for its ease of 
online delivery. Second-year podiatry students at Queensland University of Technology (QUT) who were enrolled 
in PUB339 – Podiatric Medicine 1 were invited to participate in this study. The majority of the cohort were on-
campus students who had a compulsory e-learning component (the virtual podiatry clinic) to their course.  
 
The ILS assesses learning across dichotomous pairs in four domains. The first domain of processing 
information concerns active and reflective learning preferences. The second domain, that of the perception of 
information, looks at sensing (concrete) and intuitive (abstract) learning preferences. The third domain of the ILS 
involves the reception of information and considers visual and verbal learning preferences. The fourth domain looks 
at how learning is understood - whether initially as a sequential construct (a ‘micro’ view) or a global overview 
(‘macro’ view). The strength of the calculated score on the ILS indicates the strength of preference for either 
 dimension of each of the four learning style domains. These strengths of preference for one particular learning style 
over the other are rated as strong, moderate or weak, with weak indicating that the respondent is fairly well balanced 
on the two dimensions of a particular scale. 
 
Quantitative Findings of Study 
 
33 Podiatry students completed the ILS as part of their PUB339 session to specifically help them focus on 
their e-learning environment when completing the learning style inventory. The learning style preferences of the 
cohort across the four domains of the ILS were calculated and compared (Table 2). 
 
 
ILS 
Domain 
Processing Perceiving Receiving Understanding 
Style Active Reflective Sensing 
 
Intuitive  Visual Verbal Sequential Global 
Learning 
Preferences 
Doing Thinking Concrete Abstract Pictures Words Progressive Holistic 
Number of 
students 
n = 33 
 
20 
 
 
13 
 
24 
 
9 
 
31 
 
2 
 
21 
 
12 
Percentage 
of cohort 
 
61 % 
 
 
39 % 
 
73 % 
 
27 % 
 
94 % 
 
6 % 
 
64 % 
 
36 % 
 
Table 2: Quantitative Results of e-Learning Podiatry Students (Semester 1, 2007, QUT) 
 
Of these findings, the most frequently occurring learning style combination for the cohort was Active-
Sensing-Visual-Sequential (33%), followed by Reflective-Sensing-Visual-Sequential (18%), Active-Intuitive-
Visual-Global (12%), Active-Intuitive-Visual-Sequential (12%), Reflective-Sensing-Visual-Global (9%), Active-
Sensing-Visual-Global (6%), Reflective-Intuitive-Visual-Sequential (3%), Active-Sensing-Verbal-Global (3%), and  
also Reflective-Sensing-Verbal-Global (3%). This breakdown is represented in Diagram 2. The remaining possible 
learning style preference combinations were not represented in this cohort.   It is important to note that in no way 
 
Active-Sensing-Visual-
Sequential (33%)  
Reflective-Sensing-Visual-
Sequential (18%)
Active-Intuitive-Visual-Global
(12%)       
Active-Intuitive-Visual-
Sequential (12%)   
Reflective-Sensing-Visual-
Global (9%)   
Active-Sensing-Visual-Global
(6%)
Reflective-Intuitive-Visual-
Sequential (3%)
Active-Sensing-Verbal-Global
(3%)   
Reflective-Sensing-Verbal-
Global (3%)   
 
 
Diagram 2: Frequency of combinations of learning style preference within the cohort 
 
 
 was this data used to assert whether a student was in the ‘right’ course for him/her. Rather the study was conducted 
in an attempt to discern why the e-learning platform might not be meeting the needs of some of the cohort. 
 
Qualitative Findings of Study 
 
In addition to completing the ILS, participants were also asked to complete a survey questionnaire on their 
responses to e-learning in general and their self-perceptions of learning. Whilst only 33 of the PUB339 cohort 
completed the quantitative ILS, 37 podiatry students completed the survey questionnaire. The open-ended responses 
on the survey questionnaire which correlated to specific learning style categories of the ILS were compared to the 
individual’s ILS score (Table 2). Of these, some responses aligned with the participant’s specific ILS results (column 
2); others reported the opposite learning style preference to their ILS score (column 3); and some reported that both 
learning styles were important attributes in the learning environment.  
 
ILS category of learning 
style preferences 
(% of cohort) 
Qualitative responses 
supported participant’s 
ILS score 
Qualitative responses did 
not support participant’s 
ILS score 
Qualitative responses of 
participant supported both 
learning style preferences 
Active               (61%) 9 7 6 
Reflective         (39%) 8 2 1 
Sensing             (73%) 11 3 10 
Intuitive            (27%) 2 0 7 
Visual               (94%) 7 1 23 
Verbal              (06%) 2 0 7 
Sequential        (64%) 20 1 1 
Global              (36%) 4 7 11 
 
Table 2: Analysis of support of a participant’s ILS score with their responses to their learning environment.  
 
To highlight some of the students’ personal perspectives on each of the dichotomous pairs of the ILS, some 
quotes are noted. In relation to the provision of active learning opportunities, one student said that they would prefer 
“an opportunity to do something with [the information] for example applying it to different scenarios…”. In relation 
to reflective practices, another participant stated that  “I would prefer to have space and time to think about the 
information. This helps me to process the information in my own time…”.  
 
One learner who scored on the ILS as a sensing learner (prefer factual details) stated that “I would prefer to 
have a factual or practical application…as this is just how I personally work and process information best.” and 
another respondent said “Facts…practical needs hands-on. Works to improve skill and applied knowledge.”. In 
relation to intuitive learners (a learning preference for theory), one participant said that they prefer theoretical rather 
than practical learning “because you get a lot more practice when you’re able to apply it to different scenarios again 
and again an[d] this helps you understand the concept rather than just memorise it.” Another student who stated that 
they would like to see both fact and theory represented articulated their reasoning this way: “I like a bit of 
everything. That way you are stimulated in many different ways, it’s good to ‘do’ things but it is also good to know 
the ‘why’ of things as well.” This particular student scored low on this ILS domain, indicating their ease in operating 
in both a sensing or intuitive learning environment. 
 
For students who stated that they preferred visual learning, one wrote that they prefer “visual learning – 
because I’ll remember much more. Pictures !”. One student who argued for the place for both within the e-learning 
environment said that these environments need “A combination of text, visual, [and] perhaps audio. Plain text is 
monotonous and boring, whereas plain pictures do not give enough information. However, a combination is good.” 
Supporting this position, another wrote “Combination – graphs, tables and pictures mean nothing without text or 
explanation and they all give text much more meaning.” 
 
For those who had scored on the ILS as sequential learners, one student stated that they would prefer to 
learn in “logical progressive steps. When you forget a step, you have the steps around it to logically discover 
missing components. A small word may open your mind to an entire step. Easy recall.” This particular participant 
scored a strong learning style preference for sequential learning on their ILS. The views of global learners, on the 
 other hand, were summarised by this participant: “[Information] should be presented in its entirety, then broken 
down.” Other students argued for a combination of the two. One participant identified each style is suitable for 
different learning contexts: “Depends on the topic. If it’s a clinic treatment, start at one, then move to step two, etc. 
On anatomy, start with the entirety, then break down.”  
  
Other influencing factors 
  
In addition to specific questions relating to their self-perceptions of individual learning styles, participants 
were also asked general questions on their demographic profile, in addition to overarching questions on their e-
learning experiences. In relation to their demographic profile, 32.4% of the cohort were male, whilst 67.6% were 
female. 73% of the cohort fell into the 18 to 24 age group. 24.3% were aged 25 to 39, and 2.7% was in the 40 to 59 
year age group. 89.2% of the cohort lived in the city, 8.1% lived in towns, and 2.7% lived rurally. In relation to the 
general e-learning questions, 59.5% stated that the option of e-learning had little influence over their choice of 
course; it was simply part of what was on offer. Of interest was that one respondent stated that he did not have an e-
learning component to his course! Only 13.5% of the cohort indicated the accessibility and availability of e-learning 
influenced their decision to enroll. Despite this, when asked what they perceived to be the benefits of e-learning, the 
most useful aspects of e-learning in this particular case study were listed as online lecture notes (56.8%), e-mail 
access to the lecturer (48.6%), videos (32.4%), and ease of access (13.5%). 
 
The responses given to the perceived disadvantages of e-learning could be divided into four general topics: 
personal learning preferences for a learning environment other than the one they were working in (56.3%), 
technological problems (21.9%), equity issues (18.9%) and human impediments (2.9%). In relation to the first 
category of personal learning style preferences, sample comments from respondents include: “I need to hear to 
understand.”, “Sometimes I don’t remember tasks because I can’t personally be shown.”, “I prefer interactions with 
real people.”, “I cannot see a face.”, “I like to do what I am learning manually.”, “I learn by doing.”, and “I like to 
write my own notes.” One participant stated in relation to the disadvantages of e-learning: “It isn’t helpful for me if 
this is the only form of contact. It is good as a revision or a backup but I need to hear things explained in person and 
be able to ask questions for it to sink in.” This data highlighted the broader issues of the learning environment, 
including the participant’s socio-economic status, geographical location and past learning, to name but three. This 
highlights the importance of many factors at work in the learning environment, not simply the particular and 
individual student factors that they bring to their learning. It also highlights a majority of students in this cohort 
would prefer e-learning to provide different possibilities than what they had with the virtual patients. 
 
Implications for e-Learning  
 
The virtual patient clinic is heavily reliant on visual content, incorporating video clips and digital pictures 
of patients. Students are required to interact with a large amount of visual material and for each case they are 
required to record and interpret the information they have collected. After submitting their information to the 
website, they are provided with access to the ‘expert’ opinion. This detailed description of the case, compiled by an 
academic staff member, provides useful feedback to the students. The expert opinion encourages students to reflect 
on issues that they may have missed or not fully understood.  Technology has allowed the creation of a very useful, 
media rich learning environment to simulate the complex issues of the clinical environment. This allows for 
standardization of student exposure to ‘cases’, in learning and for assessment. However, a consequence of the design 
has been the staged release of information and the highly visual nature of the content with only a few textual 
inclusions. Students with a preference for verbal learning could find the highly visual nature of the exercises 
problematic. Additionally, information in the virtual clinic was presented sequentially through the designer’s aim for 
the students to work through each case sequentially. However, for global learners who prefer to see the ‘big’ picture 
initially before it is broken down into its smaller aspects, this design could potentially present some challenges.  
 
Conclusions 
 
To return to the initial research aim, an investigation was conducted to examine the impact of learning style 
preferences within the specific e-learning environment of a virtual podiatry clinic in order to assess whether this had 
any impact on students. Previous feedback on the virtual clinic by some students stated that they had found the 
virtual learning environment only ‘moderately helpful’. The quantitative ILS results of the undergraduate cohort 
 reflected a dominant preference for active, sensing (factual), visual and sequential learning opportunities. On 
reflective analysis, the design of the e-learning environment was aligned with the dominant learning style 
preferences of this cohort. The virtual podiatry clinic provided active learning opportunities for the students, the 
provision of factual (sensing) information, information was communicated visually and it was sequentially ordered. 
However, not all students in the cohort (either in the quantitative analysis or the qualitative reflective comments) 
preferred an e-learning environment which was constructed in this manner. Of interest is the result from the 
qualitative responses that 56.3% of participants expressed personal learning preferences for learning environments 
other than the current structure of the virtual podiatry clinic. Whilst the majority of respondents in this study did 
express that they appreciated the e-clinic and could identify its benefits, they still preferred alternative learning 
environments. It is worth noting that this research was conducted shortly after the initial exposure of these students 
to the virtual podiatry clinic and patients. In order to gauge any changes in the attitudes of this cohort towards their 
e-learning environment, a post-test survey on the same cohort following the completion of a full semester’s 
interaction with the virtual patients, is currently being considered.  
 
As it is believed that the e-learning environment must be inclusive for the needs for all students, one of the 
main values of this research is that it has become a critically-reflexive assessment of the e-learning environment of 
the virtual podiatry clinic. In the recognition that the current e-learning design was not inclusive for all learners 
within the cohort, this information will now be used to redesign and modify some aspects of the cases, to ensure that 
the virtual clinic is likely to be engaging for students with different learning styles.  
 
Further, it was seen from the qualitative feedback of the participants that a discussion of learning styles 
offered them the opportunity to consider their own approach to learning.  This would suggest that an additional 
benefit of learning style research may be in its employment in specific contexts as an aid to increase learner 
metacognition (the awareness of one’s own thought and learning processes), both to encourage and enhance their e-
learning. 
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